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cartilage abnormalities over the LFC may be due to the shallow
and small lateral tibial plateau. As the knee is deeply ﬂexed,
the shallow posterior superior surface of the lateral tibial plateau
could impinge on the far posterior portion of the femoral condyle
earlier on the lateral side than on the medial side. Far posterior
articular cartilage abnormalities may be correlated with different
knee movement and morphology between the medial and lateral
tibiofemoral compartments.
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Purpose: Although radiographs are still considered the golden
standard to evaluate the structural OA severity in clinical practice,
the conventional categorical grading by the Kellgren/Lawrence
(K/L) system or the OARSI radiographic atlas remains limited in
reproducibility and reliability. Here we report a novel computer
program called KOACAD (knee OA computer-aided diagnosis)
which for the ﬁrst time realized a fully automatic measurement of
the six major parameters of knee OA on standard radiographs:
medial & lateral minimum JSW (mJSW), medial & lateral joint
space area (JSA), osteophyte area (OPA), and tibiofemoral angle
(TFA). This study examined the reproducibility and reliability
of KOACAD, and further investigated the association of the
parameters with knee pain using a large-scale database of the
ROAD (Research on Osteoarthritis Against Disability) study.
Methods: The KOACAD was programmed to perform the follow-
ing operations automatically on AP knee radiographs obtained
as a DICOM ﬁle. The medial and lateral JSAs were determined
as the area between the outlines of femoral condyle and tibial
plateau. The minimum axial distances in the areas were mea-
sured as medial and lateral JSWs. OPA and TFA were also
calculated from the outlines of femur and tibia. The reproducibil-
ity of the KOACAD parameters with various knee ﬂexion angles
(0-30 degrees) and X-ray beam angulations (0-15 degrees) was
evaluated by an intraclass coefﬁcient of correlation (ICC) on ra-
diographs of 20 individuals taken with a 2-week interval. Inter-
and intraobserver variabilities were determined by κ value or ICC
on 50 randomly selected radiographs. Correlations of sex, age,
and the KOACAD parameters with knee pain were examined on
1,979 radiographs by a stepwise logistic regression analysis.
Results: Since the reproducibility of all KOACAD parameters
was highly maintained with 0 degree knee ﬂexion and 0-5 de-
gree X-ray beam angulation (ICC=0.88-0.99), it was decided to
take radiographs with the knee extended and a horizontal X-ray
beam. Although inter- and intraobserver variabilities were high
by K/L grading (κ=0.76 and 0.84), OARSI grading (κ<0.72 and
<0.75 in all parameters), and semi-automatic measurements on
radiographs (ICC<0.65 and <0.75 in all parameters), the KOA-
CAD system automatically measured the six parameters in less
than one second without any variability (all ICC=1.0). Among
the KOACAD parameters, medial mJSW was most strongly
correlated with K/L grading (r=-0.41) and OARSI grading (r=-
0.45). In the KOACAD parameters, OPA was associated with
none of the joint space parameters, suggesting different etio-
logic mechanisms between osteophyte formation and joint de-
struction. Logistic regression analysis after adjustment for age
revealed that low medial mJSW (OR=1.46, 95%CI=1.16-1.90
in men; OR=1.41, 95%CI=1.22-1.63 in women) and high TFA
(OR=1.07, 95%CI=1.01-1.13 in men; OR=1.07, 95%CI=1.03-
1.10 in women) were positively associated with the presence of
pain (n=594/1,979), while neither lateral mJSW nor OPA was.
Conclusions: We have established a fully automatic computer-
assisted program KOACAD to quantify the major features of
knee OA on standard radiographs with high reproducibility and
reliability. Using this system which can evaluate distinct OA
parameters, medial joint space narrowing and varus deformity of
knee joints were shown to be risk factors for symptomatic knee
pain. This system will not only be useful for objective evaluation
of the disease severity in daily clinical practice, but also act as
a proper surrogate measure for the development of disease-
modifying drugs for OA, just as bone mineral density does in
osteoporosis.
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Purpose: To study the performance of location-speciﬁc radio-
graphic joint space width (JSW). To facilitate this we made
comparisons to minimum JSW (mJSW) and examined the de-
pendence of JSW on the Kellgren and Lawrence (K & L) grade
and varus-valgus alignment anatomical angle.
Methods: Baseline and Year 1 knee radiographs of 160 subjects
from the Progression Cohort of the Osteoarthritis Initiative (OAI)
were analyzed using a software technique that measured the
radiographic joint space width (JSW). Bilateral knee radiographs
were acquired using a ﬁxed ﬂexion protocol designed to maintain
consistent knee ﬂexion and beam angle for all visits. The varus-
valgus anatomical alignment angle and the K & L grades were
measured for a single indexed knee at baseline for each subject.
Measurements of medial compartment mJSW and JSW at ﬁxed
locations were facilitated by the use of automated software that
delineated the femoral and tibial margins of the joint. mJSW
was deﬁned as the minimum distance between the delineated
femur and tibia margins. Measures of JSW were deﬁned as
the distance from the tibial margin to the femur margin at ﬁxed
locations on the coordinate system shown in Figure 1. JSW was
measured at four ﬁxed locations (x = 0.2, x = 0.225, x = 0.25,
and x = 0.275) (Figure 2)
Figure 1 Figure 2
A human reader operated custom software to verify and correct
the software-drawn margins where necessary. Paired images
were displayed with the reader blinded to the time point. As a
metric to quantify performance we used the accuracy of each
method to correctly order the time point of the ﬁlms. This was
based on the reasonable assumption that structural changes in
OA should not improve over time.
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Results: Tables 1 and 2 provide the results. The * indicates
a statistically signiﬁcant difference (p < 0.05) between JSW(x)
and mJSW. Improved performance in ordering the time points
is suggested for more diseased knees although the number of
subjects with KL = 0 or KL = 1 is low. The knees were stratiﬁed
into three approximately evenly populated groups by anatomical
angle. These results, given in Table 2, show that the accuracy
increased for more varus (lower anatomical angle) knees.
Table 1. Accuracy of location speciﬁc JSW and mJSW for all data and as a
function of K&L grade
K & L grade All data 0 1 2 3 4
Number of knees 160 8 10 56 66 19
mJSW 53% 38% 45% 46% 65% 47%
JSW (x = 0.2) 60% 50% 40% 57% 70% 66%
JSW (x = 0.225) 62% 50% 40% 57% 70% 66%
JSW (x = 0.25) 65%* 50% 40% 58% 71% 82%
JSW (x = 0.275) 66%* 50% 40% 67% 66% 82%
Table 2. Accuracy of location speciﬁc JSW and mJSW as a function of anatom-
ical angle
Average angle -3.9 deg.(varus) 0.8 deg. 5.2 deg. (valgus)
N 53 55 51
mJSW 58% 51% 53%
JSW (x = 0.2) 59% 64% 57%
JSW (x = 0.225) 67% 59% 58%
JSW (x = 0.25) 69% 62% 63%
JSW (x = 0.275) 74% 63% 61%
Conclusions: The results demonstrate that improved OA sensi-
tivity is seen for more diseased knees and for measurements of
JSW in a more central portion of the knee (higher values of x).
These results corroborate a previous study that examined base-
line and 3 year follow-up knee radiographs from the Dynamics of
Health, Aging and Body Composition (Health ABC).
For more valgus knees a larger percentage of knees demon-
strated joint narrowing. Improvements were again seen for higher
values of x (more central portion). Less change was seen be-
tween the second (average angle = 0.8°) and third (average
angle = 5.2°) groups compared to the ﬁrst (average angle =
-3.9°) and second (average angle = 0.8°). These results support
the hypothesis that change is more likely to occur in knees with
a varus malalignment.
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Purpose: To compare three methods: photography (PHOTO),
clinical examination (CLIN) and radiology (XRAY), for the as-
sessment of hand osteoarthritis (HOA) in an elderly population.
Methods: The participants of the study were 381 individuals, 160
males and 221 females aged 69-92, that were randomly selected
from the AGES-Reykjavík study. PHOTO and CLIN were scored
on a 0-3 scale for each joint and XRAY was scored according
to the Kellgren-Lawrence scale (0-4)(K-L). For comparison of
aggregate scores, we used the 10 ACR reference joints (the
second and third DIP and PIP joints and CMC1 joints of both
hands).
Results: Correlation of aggregate scores for the 10 reference
joints in males, measured by Spearman’s correlation coefﬁ-
cient (RS), was 0,69 between PHOTO and CLIN, 0,36 between
PHOTO and XRAY and 0,47 between CLIN and XRAY. In females
the corresponding values for RS were 0,72 between PHOTO and
CLIN, 0,54 between PHOTO and XRAY and 0,66 between CLIN
and XRAY. Analysing quartiles of the aggregate scores revealed
that approximately 55% of females in the highest quartile for
each method were in the highest quartile in all three methods.
The corresponding ﬁgure for males was 40%. Some participants
however (mostly males) had low PHOTO and CLIN scores but
high XRAY scores.
Table 1. Prevalences (%) of deﬁnite hand OA in each hand group according to
the three methods
DIP bilateral PIP bilateral CMC1 uni/bilateral
PHOTO≥2 Males % 25.8 11.9 5.7
Females % 29.7 7.2 25.2
CLIN≥2 Males % 45.3 10.7 13.2
Females % 52.3 10.8 36.0
XRAY≥2 Males % 62.9 25.8 25.8
Females % 77.0 35.6 35.1
XRAY≥3 Males % 14.5 2.5 6.9
Females % 28.8 5.9 17.6
Conclusions: Agreement between the three methods is better in
females than in males in this age group. XRAY is more sensitive
than either PHOTO or CLIN when the cutoff is set at K-L>2 but
less sensitive at K-L>3. Not unexpectedly, PHOTO and CLIN
are more closely correlated to each other than to XRAY. In the
majority of cases, the three methods are identifying the same
individuals as having severe HOA. We identiﬁed a number of
individuals with high XRAY scores and low PHOTO and CLIN
scores (non-nodal hand osteoarthritis), which may constitute
a relevant subset of HOA and will be the subject of further
studies.
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Purpose: To examine the relationship between hand osteoarthri-
tis (HOA) pain in the elderly and different assessment methods
with particular reference to hand photography.
Methods: This was an ancillary study of randomly selected
subjects from the AGES-Reykjavik study. 160 males and 221
females aged 69-92 participated.
All participants had high quality photographs (PHOTO), a
clinical examination for structural osteoarthritis changes (not
pain)(CLIN), and standard radiographs (XRAY) of the hands.
The degree of hand osteoarthritis (HOA) was recorded on a
0-3 scale for 20 joints for PHOTO and CLIN and a 0-4 scale
(Kellgren-Lawrence) for XRAY. Pain was documented by two
questions: 1. Have you ever had pain lasting at least one month
in the joints of your hands or wrist? 2. Do you sometimes have
pain in your hand joints? - If yes, which joints? (diagram).
Results: Approximately 10% of males gave a positive response
to either question, but this had no relation to HOA scores. 27% of
females reported pain of at least one month’s duration and 41.9%
